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(54) A method for purifying exhaust gas of a diesel engine 



(57) According to the method of the present inven- 
tion, NO (nitrogen monoxide) in the exhaust gas of a 
diesel engine is first oxidized to N0 2 (nitrogen dioxide) 
by an oxidizing catalyst (5). Further, carbon particles in 
the exhaust gas are trapped by a DPF (7) (diesel partic- 
ulate filter). The exhaust gas containing N0 2 formed by 
oxidation of nitrogen monoxide is, then, fed to the DPF 
(7), and N0 2 in the exhaust gas reacts with the carbon 
particles trapped in the DPF (7). When the N0 2 reacts 
with carbon particles, carbon particles are oxidized 
(burned) by N0 2 and removed from DPF (7). and, at the 



same time. N0 2 is reduced to NO by the carbon parti- 
cles. The exhaust gas containing NO formed by the 
reaction between the carbon particles and N0 2 is fed to 
an NOx absorbent (9). In the NOx absorbent (9). NO is 
absorbed by the NOx absorbent (9) and, thereby, 
removed from the exhaust gas. Therefore, according 
this method, the carbon particles collected by the DPF 
(7) can be easily burned by N0 2 . thereby being 
removed from the DPF (7) without increasing the 
amount of NO released to the atmosphere. 
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Description 

BACKGROUND OF THE INVENTION 
1- Field of the Invention 

The present invention relates to a method for purify- 
ing the exhaust gas of a diesel engine. More specifically 
the present invention relates to a method for purifying 
the exhaust gas of a diesel engine which is capable of 
removing both carbon particles and nitrogen oxide con- 
tained in the exhaust gas. 



2. Description of the Related Art 

A method for removing carbon particles (i.e., soot) 
from the exhaust gas of a diesel engine is disclosed in 

^T^ e :^ meSe Unexamin ** Patent Publication 
(Kbkai) No. 1-318715. 

ntJ",!! 16 715 pub,ication ' a" oxidizing catalyst and a 
( d,esel Particulate filter) are disposed in the 
exhaust gas passage of a diesel engine, from the 
upstream side, in this order. The DPF is a filter for col- 
lecting and removing diesel particulates which mainly 
consist of carbon particles (i.e., soot) from the exhaust 
gas. In the 715 publication, NO (nitrogen monoxide) in 
the exhaust gas of the diesel engine is oxidized by the 
oxidizing catalyst and forms N0 2 (nitrogen dioxide) in 

Ln T aU t Q ^' Ther6f0re ' e * hausl aas containing 
NO2 flows into the DPF. This N0 2 reacts with the carbon 
particles trapped in the DPF and, thereby, the carbon 
particles are burned and removed from the DPF There- 
fore, the carbon particles are not accumulated in the 

h irt h Her I t0f6re ' rt * ""^^ tnat a temperature 
higher than a normal exhaust gas temperature is 
required for burning the carbon particles trapped in the 
DPF. However, the method in the 715 publication 
makes rt possible to burn the carbon particles in the 
DPF at a temperature available in the normal operation 
of the engine (for example, less than 300°C) by reacting 
NO2 in the exhaust gas with the carbon particles in the 
DPF. Therefore, no heating means such as an electric 
heater is required for heating the DPF in order to initiate 
combustion of the carbon particles. Thus, according to 
the method in the 715 publication, the carbon particles 

de^ic? rem0Ved fr ° m the GXhauSt 9as by a slm P* e 
However, though the method in the 715 publication 

can remove the diesel particulates in the exhaust gas it 

cannot prevent nitrogen oxide in the exhaust gas from 

being released into the atmosphere. 

In the method in the 715 publication, NO, in the 

exhaust gas burns the diesel particulates consisting of 

carbon particles by the reactions 



2N0 2 + 2C->N 2 +2C0 2 
. However, it was found that the reaction 
5 2N0 2 + 2C->N 2 + 2C0 2 

hardly occurs at a relatively low temperature (such as 
an exhaust gas temperature available in the normal 
operation of the diesel engine). Therefore, if the method 
10 ,n the 715 publication is applied to a diesel engine a 
n*jor portion of N0 2 in the exhaust gas flowing into the 
DPF is converted to NO by the reaction 



N0 2 + C NO + CO 

75 

and, thereby, the amount of NO in the exhaust gas 
released to the atmosphere increases. 

Further, since diesel fuel contains a relatively large 
amount of sulfur, S0 2 (Sulfur dioxide) is contained in the 

20 exhaust gas of a diesel engine. Therefore, if an oxidizing 
catalyst is used for oxidizing NO to N0 2 in the exhaust 
gas as in the method in the 715 publication, S0 2 in the 
exhaust gas is also oxidized by the oxidizing catalyst 
and forms sulfate (S0 3 ) in the exhaust gas. The sulfate 

25 m the exhaust gas is not collected by the DPF and is 
released to the atmosphere. Further, since sulfate is 
detected as particulate matter, the amount of the diesel 
particulates released to the atmosphere increases due 

«. f ° rmed by me oxidizi ng catalyst if the method 

so m the 715 publication is applied to the diesel engine. 

SUMMARY OF THE INVENTION 



N0 2 + C -> NO + CO 



and, 



In view of the problems in the related art as set forth 
35 above, the object of the present invention is to provide a 
method for purifying the exhaust gas of a diesel engine 
which is capable of easily removing the diesel particu- 
lates collected by the DPF without increasing the 
amounts of nitrogen oxide and sulfate released to the 
40 atmosphere. 

TOs object is achieved by a method, for purifying 
the exhaust gas of a diesel engine, in which the method 
comprises a step for oxidizing nitrogen monoxide in the 
exhaust gas of a diesel engine into nitrogen dioxide 
45 thereby forming nitrogen dioxide in the exhaust gas a 
step for collecting carbon particles contained in the 
exhaust gas. a step for reacting nitrogen dioxide in the 
exhaust gas formed by oxidation of nitrogen monoxide 
wrth the collected carbon particles, thereby oxidizing the 
so coUected carbon particles by nitrogen dioxide in the 
exhaust gas and. at the same time, reducing nitrogen 
dioxide in exhaust gas to nitrogen monoxide, and a step 
for removing nitrogen monoxide formed by the reaction 
between nitrogen dioxide and the collected carbon par- 
55 tides from the exhaust gas 

According to the present invention, diesel particu- 
lates in the exhaust gas of a diesel engine which is 
mainly consist of carbon particles is collected, for exam- 
ple, by a DPF. Nitrogen dioxide formed by the oxidation 
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of nitrogen monoxide reacts with the collected carbon 
particles, and the carbon particles are oxidized (i.e., 
burned) at a relatively low temperature. When nitrogen 
dioxide and the collected carbon particles react each 
other, carbon particles are oxidized to carbon monoxide 
or carbon dioxide and, at the same time, nitrogen diox- 
ide is reconverted to carbon monoxide and nitrogen 
monoxide, respectively. In this embodiment this nitro- 
gen monoxide is removed from the exhaust gas in the 
final step. Therefore, nitrogen monoxide is not released 
to the atmosphere. 

According to one aspect of the present invention, 
nitrogen monoxide generated by the reaction between 
nitrogen dioxide and the carbon particles is collected by. 
for example, NOx absorbent which absorbs nitrogen 
oxide in the exhaust gas. Further, according to another 
aspect of the present invention, nitrogen monoxide gen- 
erated by the reaction between nitrogen dioxide and the 
carbon particles are reduced to nitrogen by, for exam- 
ple, an NOx reducing catalyst which has a capability for 
selectively reducing nitrogen oxide in the exhaust gas 
even in an oxidizing atmosphere. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be better understood 
from the description as set forth hereinafter, with refer- 
ence to the accompanying drawings in which: 

Fig. 1 schematically illustrates an embodiment of a 
device for conducting the method in the present 
invention when applied to an automobile diesel 
engine; 

Fig. 2 is a flowchart illustrating a regenerating oper- 
ation of the DPF and the NOx absorbent in the 
embodiment in Fig. 1 ; 

Fig. 3 is a flowchart illustrating a determination of 
conditions for carrying out the regenerating opera- 
tion in Fig. 2; 

Fig. 4 is a flowchart illustrating a setting operation of 
the values of counters used in the flowchart in Fig. 
3; 

Fig. 5 is a timing diagram illustrating timing for 
regeneration of the DPF and the NOx absorbent; 
Fig. 6 is a drawing similar to Fig. 1 which illustrates 
another embodiment of a device for conducting the 
method in the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Fig. 1 shows an embodiment of an exhaust gas 
purification device which utilizes the method of the 
present invention. 

In Fig. 1, reference numeral 1 designates a diesel 
engine for an automobile. Though a multiple cylinder 
diesel engine is used in this embodiment, Fig. 1 shows 
one cylinder only. Numerals 2 and 3 designate an intake 
air passage and an exhaust gas passage, respectively. 
A fuel injection valve 4, which injects pressurized fuel 



into a combustion chamber, is provided on each of the 
cylinders. 

In this embodiment, an intake shutter valve 6 is dis- 
posed in the intake air passage 2. The intake shutter 

5 valve 6 is a type, such as a butterfly valve, which gener- 
ates low flow resistance when open, and is used for 
throttling the intake air passage 2 to reduce the amount 
of intake air during the regenerating operation of the 
DPF. By reducing the amount of intake air, temperature 

io of the exhaust gas becomes high, and combustion of 
the carbon particles in the DPF is facilitated. In Fig. 1 , 
the numeral 6a is an actuator of appropriate type, such 
as a vacuum actuator or solenoid actuator, which opens 
and closes the intake shutter valve 6 in accordance with 

is a control signal supplied by a control circuit 20. 

In the exhaust gas passage 3, an oxidizing catalyst 
5 for oxidizing NO (nitrogen monoxide) in the exhaust 
gas to N0 2 (nitrogen dioxide), a DPF (diesel particulate 
filter) 7 for collecting the diesel particulates in the 

20 exhaust gas and an NO* absorbent 9 for collecting 
(absorbing) NOx (nitrogen oxide) in the exhaust gas are 
disposed in this order from the upstream end. The oxi- 
dizing catalyst 5, the DPF 7 and the NOx absorbent 9 
are explained later in detail. 

25 The control circuit 20 may consist of, for example, a 
microcomputer of a known type and comprises a CPU 
(a microprocessor) 21, a RAM (a random access mem- 
ory) 22, a ROM (read-only memory) 23, an input port 24 
and an output port 25 all connected each other by a bi- 

30 directional bus 26. The control circuit 20 performs the 
basic control of the engine 1 such as fuel injection con- 
trol. In this embodiment, the control circuit 20 further 
performs regeneration control of the DPF 7 and NQx 
absorbent 9. In this embodiment, as explained later, an 

35 operation for burning the carbon particles (diesel partic- 
ulate) collected in the DPF 7 is referred to as "a regen- 
eration of the DPF", and an operation for causing NOx 
absorbent to release the absorbed NOx is referred to as 
"a regeneration of the NO x absorbent". 

40 In order to perform these types of control, an engine 
speed signal and an accelerator signal are supplied to 
the input port 24 of the control circuit 20 from the 
respective sensors not shown in the drawing. Further, 
the output port 25 is connected to the fuel injection valve 

45 4 of the engine 1 and the actuator 6a of the intake shut- 
ter valve 6. respectively, via the respective drive circuits 
not shown in the drawing, in order to control the amount 
and timing of fuel injection and the operation of the 
intake shutter valve 6. 

so The oxidizing catalyst 5 uses, for example, a honey- 
comb type substrate made of cordierite. On this sub- 
strate, an alumina layer which acts as a carrier of the 
catalytic components is applied. In this embodiment, 
catalytic components of precious metals such as plati- 

55 num (Pt) or palladium (Pd) are attached to the alumina 
carrier. The oxidizing catalyst 5 oxidizes HC and CO in 
the exhaust gas when the air-fuel ratio of the exhaust 
gas is lean. Further, the oxidizing catalyst 5 oxidizes NO 
in the exhaust gas and converts it to N0 2 . In this 
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2NO + 02-^2N0 2 

. Thus. NO in the exhaust gas is converted to N0 2 by 
the oxidizing catalyst 5. 

The exhaust gas containing NO z . then, tlows into 
the DPF 7, where the carbon particles in the exhaust 
gas are collected by the DPF 7. A portion of the carbon 
particles collected by DPF 7 reacts with N0 2 in the 
exhaust gas. and generates NO and CO by the reaction 

N0 2 + C -> NO + CO 

as explained before. 

However, since the amount of NO emitted from the 
engine in the normal operation of the diesel engine is 
smaller compared to the amount of carbon particles, 
and since the temperature of the exhaust gas in a nor- 
mal operation of the engine is low (for example, about 
200°C), the reaction 

N0 2 + C -> NO + CO 

is not very likely to occur in the normal operation of the 
engine. Therefore, collected carbon particles gradually 
accumulate in the DPF 7. Further, the exhaust gas flow- 
ing out from the DPF 7 contains N0 2 which did not react 
with the carbon particles and NO generated by the 
above-explained reaction. 

This exhaust gas. then, flows into the NOx absorb- 
ent 9. Since the air-fuel ratio of the exhaust gas of the 
diesel engine 1 is lean in the normal operation, NO and 
N0 2 in the exhaust gas are absorbed by the NO x 
absorbent 9 as explained before, and removed from the 
exhaust gas. Therefore, the exhaust gas flowing out 
from the NOx absorbent 9 is practically free from NOx 
and the carbon particles. 

Though the carbon particles and NOx are removed 
from the exhaust gas by the DPF 7 and NOx absorbent 
9. respectively, the carbon particles and NOx gradually 
accumulate in the DPF 7 and NOx absorbent 9. When 
the carbon particles accumulate in the DPF 7, a pres- 
sure drop through the DPF 7 increases, and the engine 
output is lowered due to an increase in the exhaust back 
pressure. Further, when an amount of NOx accumu- 
lates in the NOx absorbent 9, the capability of the NO x 
absorbent 9 for absorbing NOx in the exhaust gas 
becomes lower, and a portion of NOx » n the exhaust gas 
is released to the atmosphere without being absorbed 
by the NOx absorbent 9. 

In order to prevent these problems, the DPF 7 and 
NOx absorbent 9 are regenerated periodically in this 
embodiment. In the regenerating operation of the DPF 
7, the carbon particles accumulated in the DPF are 
burned, and removed from the DPF 7. thereby, the pres- 
sure drop through the DPF 7 is reduced to a normal 
value. In the regenerating operation of the NOx absorb- 
ent 9, NOx absorbed by the NOx absorbent is released 
and. at the same time, reduced to N 2 . therefore, the 
NOx absorbing capability is resumed. 



Next, the regenerating operations of the DPF 7 and 
NQx absorbent 9 are explained. 

In this embodiment, the regeneration of the NOx 
absorbent 9 is conducted by shifting the air-fuel ratio of 

s the exhaust gas to a rich air-fuel ratio side compared to 
the stoichiometric air-fuel ratio for a short period. When 
the air-fuel ratio of the exhaust gas becomes rich, the 
concentration of 0 2 in the exhaust gas becomes lower, 
and the concentration of HC and CO in the exhaust gas 
10 becomes higher. Since the air-fuel ratio of the exhaust 
gas is rich, oxidation of HC and CO does not occur in 
the oxidizing catalyst 5. Therefore, most of HC and CO 
in the exhaust gas passes through the oxidizing catalyst 
5 and the DPF 7, and the exhaust gas containing a rel- 
15 atively small amount of 0 2 and a relatively large amount 
of HC and CO flows into the NOx absorbent 9. When 
this exhaust gas flows into the NOx absorbent 9, NOx is 
released from the NOx absorbent 9 and reduced by HC 
and CO in the exhaust gas, i.e., the NOx absorbent 9 is 

20 regenerated. 

In this embodiment, the air-fuel ratio of the exhaust 
gas is enriched by injecting fuel from the fuel injection 
valve 4 two times in every cycle of each cylinder. In the 
normal operation of the engine, the fueJ injection 

25 amount TAU is determined by the control circuit 20 in 
accordance with the accelerator signal (i.e., the amount 
of depression of the accelerator pedal) and the engine 
speed based on a predetermined relationship. This 
amount of fuel is injected into each cylinder at a later 

30 stage in the compression cycle. In the normal operation, 
the fuel injection amount TAU is determined so that the 
air-fuel ratio of the engine becomes considerably lean 
(about an air-fuel ratio of 30). It may be possible to make 
the engine operating air-fuel ratio rich by increasing the 

35 amount of fuel injected in the compression cycle. How- 
ever, if the amount of fuel injected in the compression 
cycle is increased, the engine output torque also 
increases by the amount corresponding to the 
increased fuel and, thereby, problems such as a torque 

40 shock or a reduction in the service lives of parts of the 
engine will occur. 

Therefore, in this embodiment, the engine operat- 
ing air-fuel ratio is enriched by injecting fuel from the 
fuel injection valve 4 in the exhaust cycle of each cylin- 

45 der in addition to the normal fuel injection at a later 
stage of the compression cycle. When fuel is injected in 
the exhaust cycle, only a small amount of fuel is burned, 
and the engine output torque does not increase. Fur- 
ther, most of the injected fuel is vaporized in the cylinder 

so and discharged from the engine with the exhaust gas. 
This fuel is decomposed by the oxidizing catalyst 5 and 
generates a large amount of HC and CO in the exhaust 
gas. Therefore, since the exhaust gas flowing into the 
NOx absorbent 9 contains a large amount of HC and 

55 CO, and a small amount Of 0 2 . the NOx absorbent 9 is 
regenerated in a short time. 

The amount of NO x released from the NOx absorb- 
ent 9 becomes larger as the degree of richness of the 
exhaust gas becomes higher (i.e. , the air-fuel ratio of 
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the exhaust gas becomes lower). Therefore, the time 
required for regenerating the NOx absorbent 9 becomes 
shorter as the degree of richness of the exhaust gas 
becomes higher. Further, the time required for regener- 
ating the NOx absorbent 9 becomes shorter as the 
amount of NOx absorbed in the NOx absorbent is 
smaller. Therefore, in this embodiment, the regenerat- 
ing operation of the NQx absorbent 9 is conducted at 
intervals of between ten seconds to several minutes 
and the air-fuel ratio of the exhaust gas is maintained at 
about 1 3 (a rich air-fuel ratio) for about 0.5 seconds dur- 
ing the regenerating operation. 

Next the regenerating operation of the DPF 7 is 
explained. As explained before, the carbon particles col- 
lected in the DPF 7 are burned by reaction with the N0 2 
in the exhaust gas in this embodiment Further, NO gen- 
erated by the reaction between the carbon particles and 
N0 2 is absorbed by the NOx absorbent 9 disposed 
downstream of the DPF 7. Therefore, it is necessary 
that the air-fuel ratio of the exhaust gas during the 
regenerating operation of the DPF 7 is lean. Further it 
is preferable to maintain the exhaust gas at a high tem- 
perature in order to promote the combustion of the car- 
bon particles. Therefore, the additional fuel injection 
during the exhaust cycle is also performed during the 
regenerating operation of the DPF 7 in order to raise the 
exhaust gas temperature. The amount of fuel injected 
during the exhaust cycle is determined so that the air- 
fuel ratio of the exhaust gas stays lean compared to the 
stoichiometric air-fuel ratio. As explained before, most of 
the fuel injected during the exhaust cycle is discharged 
from the cylinder without being burned, and this fuel is 
decomposed (oxidized) by the oxidizing catalyst 5 
Therefore, the exhaust gas is heated by the oxidation of 
the fuel. In this embodiment, in order to raise the 
exhaust gas temperature further, the intake shutter 
valve 6 is closed to a predetermined degree of opening 
and the electric heater 5a is activated during the regen- 
erating operation of the DPF 7. Since the amount of 
intake air is reduced by the intake shutter valve 6 the 
temperature of the exhaust gas of the engine becomes 
higher than the temperature in the normal operation of 
the engine. Further, since the exhaust gas is heated by 
the electric heater 5a and the combustion of fuel on the 
oxidizing catalyst 5. high temperature exhaust gas (for 
example, 400 to 500°C) flows into the DPF 7. Therefore 
the carbon particles accumulated in the DPF 7 easily 
react with N0 2 in the exhaust gas. Thus, the carbon par- 
ticles in the DPF 7 are burned and removed from the 
7 - ^rtner, since the air-fuel ratio of the exhaust 
gas passing through the DPF 7 is still lean NO in the 
exhaust gas generated by the reaction between the car- 
bon particles and N0 2 emitted from the diesel engine 
are absorbed by the NOx absorbent 9, and NOx (nitro- 
gen oxide) is not released into the atmosphere during 
the regenerating operation of the DPF 7. In this embod- 
iment, the regenerating operation of the DPF 7 is con- 
ducted at intervals of between ten minutes to several 
hours. The regeneration of the DPF 7 is accomplished 
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in several minutes, and the air-fuel ratio of the exhaust 
gas is maintained at about 20 (a lean air-fuel ratio) dur- 
ing the regenerating operation. 

The regenerating operation of the NOx absorbent 9 
is conducted at intervals of between ten seconds to sev- 
eral minutes as explained before. Therefore, the regen- 
erating operation of the NOx absorbent 9 is also 
conducted during the regenerating operation of the DPF 
7. In this case, the amount of the fuel is increased so 
that the air-fuel ratio of the exhaust gas becomes rich 
(an air-fuel ratio of about 13) with the intake shutter 
valve 6 being closed. Therefore, when the regenerating 
operation of the NQx absorbent 9 is conducted during 
the regenerating operation of the DPF 7, the NO* 
absorbent 9 is regenerated by the exhaust gas having a 
higher temperature than that during the normal regener- 
ating operation. The reason why the regenerating oper- 
ation of the NQx absorbent 9 is performed even during 
the regenerating operation of the DPF 7 is explained 
hereinafter. 

The exhaust gas of the diesel engine 1 contains a 
relatively large amount of S0 2 (sulfur dioxide) gener- 
ated by combustion of sulfur in diesel fuel. S0 2 in the 
exhaust gas is oxidized to S0 3 (sulfate) by the oxidizing 
catalyst 5 during the operation of the engine 1 S0 3 is 
not collected by the DPF 7 and is released to the atmos- 
phere. Further, since S0 3 is detected as particulate 
matter, if an oxidizing catalyst is disposed in the exhaust 
gas passage of a diesel engine, the amount of the die- 
sel particulates released to the atmosphere increases. 

However, in this embodiment, the NOx absorbent 9 
rs disposed in the exhaust gas passage downstream of 
the DPF 7. S0 3 in the exhaust gas is also absorbed by 
the NOx absorbent 9 by the mechanism same as the 
absorption of NOx. and held in the NQx absorbent 9 in 
the form of sulfate such as BaS0 4 . Therefore, S0 3 
formed by the oxidizing catalyst 5 and passing through 
the DPF 7 is absorbed (collected) by the NOx absorbent 
9 in this embodiment. Namely, sulfate S0 3 in the 
exhaust gas, as well as NO generated by the combus- 
tion of the carbon particles, is removed from the exhaust 
gas by the NOx absorbent 9. 

S0 3 absorbed in the NOx absorbent 9 is also 
released when the air-fuel ratio of the exhaust gas 
becomes rich by the same mechanism as that which 
releases NOx- However, since the sulfate formed in the 
NQx absorbent is more stable than the nitrate formed by 
NOx, a temperature higher than the normal regenerat- 
ing operation of the NOx absorbent is required to 
release sulfate from the absorbent. Therefore, rf the nor- 
mal regenerating operation in which only the air-fuel 
ratio of the exhaust gas is enriched is conducted, sulfate 
is not release from the absorbent This causes accumu- 
lation of the S0 3 in the NOx absorbent 9, and eventu- 
ally, causes saturation of NOx absorbent 9 with S0 3 If 
the saturation of NOx absorbent 9 with the absorbed 
S0 3 occurs, the absorbing capacity of the NOx absorb- 
ent for both S0 3 and NOx decreases largely. Therefore 
the NO x absorbent 9 is regenerated at a exhaust gas 
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temperature higher than that in the normal regenerating 
operation during the regenerating operation of the DPF 
7 to release sulfate, as well as NO*, from the NOx 
absorbent 9. By regenerating the NOx absorbent 9 at a 
high exhaust gas temperature, S0 3 absorbed in the 
absorbent is released in the form of S0 2 and thereby, 
the absorbing capability of the NOx absorbent 9 is main- 
tained. 

Next actual regenerating operations of the DPF 7 
and NOx absorbent 9 are explained with reference to 
Figs. 2 through 4. 

Figs. 2 through 4 are flowcharts explaining embod- 
iments of routines performed by the control circuit 20 for 
controlling regenerating operations of the DPF 7 and 
NOx absorbent 9. 

Fig. 2 is a routine for conducting the regenerating 
operations of the DPF 7 and NOx absorbent 9. This rou- 
tine is performed at regular intervals. In Fig. 2, at step 
201 , ft is determined whether a value of a flag ADPF is 
set to 1. ADPF is a regenerating flag of the DPF 7, and 
the value thereof is set to 1 by the routine in Fig. 3 when 
the conditions for conducting the regenerating operation 
of the DPF 7 are satisfied. If ADPF = 1 at step 201. 
since the regenerating operation of the DPF 7 is 
required, the routine executes step 203 to close the 
intake shutter valve 6 to a predetermined degree of 
opening and to activate the electric heater 5a of the oxi- 
dizing catalyst 5. After executing step 203, the routine 
determines at step 205 whether the value of a flag 
ANOX is set to 1 . ANOX is a regenerating flag of the 
NOx absorbent 9. Similarly to the flag ADPF. the value 
of the flag ANOX is set to 1 in the routine in Fig. 3 when 
the conditions for conducting the regenerating operation 
of the NOx absorbent 9 are satisfied. 

If ANOX * 1 at step 205. i.e., if only the conditions 
for conducting the regenerating operation of the DPF 7 
are satisfied, and the conditions for conducting the 
regenerating operation of the NOx absorbent 9 are not 
satisfied, the routine proceeds to step 207 to calculate 
the required additional fuel injection amount TAU21 in 
accordance with the engine speed and the accelerator 
signal (i.e., the amount of depression of the accelerator 
pedal). The additional fuel injection amount TAU21 rep- 
resents the amount of fuel injected during the exhaust 
cycle of each cylinder in addition to the normal fuel 
injection during the compression cycle. TAU21 is deter- 
mined in such a manner that the air-fuel ratio of the 
exhaust gas becomes a predetermined lean value (for 
example, about 20). More specifically, at step 207, an 
intake air amount Q is determined in accordance with 
the degree of opening of the intake shutter valve 6 and 
the engine speed, and the normal fuel injection amount 
TAU is determined in accordance with the engine speed 
and the accelerator signal, then the value of TAU21 is 
determined in accordance with Q and TAU so that the 
air-fuel ratio of the exhaust gas becomes a predeter- 
mined lean value (about 20) by the total amount (TAU + 
TAU21) of fuel injection. 

At step 209, the value of the actual fuel injection 



amount TAU2 of the additional exhaust cycle fuel injec- 
tion is set to the value TAU21 calculated at step 207. 

When the value of TAU2 is set to TAU21 , an amount 
TAU21 of fuel is injected to each cylinder during its 

5 exhaust cycle by a fuel injection routine (not shown) 
processed by the control circuit 20, and a total amount 
TAU + TAU21 of fuel is supplied to each cylinder in a 
cycle. Thus, the air-fuel ratio of the exhaust gas dis- 
charged from the cylinders becomes a lean value of 

io about 20. 

In this case, since the intake shutter valve 6 is 
closed, and since the amount of fuel supplied to the cyl- 
inders is increased by the amount TAU21 , a lean air-fuel 
ratio exhaust gas having temperature higher than the 

is normal temperature, and containing a relatively large 
amount of N0 2 generated by the oxidizing catalyst 5. 
flows into the DPF 7. Therefore, the carbon particles 
collected by the DPF 7 are burned by N0 2 in the 
exhaust gas, i.e., the DPF 7 is regenerated. Further, NO 

20 generated by the combustion of carbon particles is 
absorbed by the NOx absorbent 9. 

On the other hand, if ANOX = 1 at step 205 in Fig. 
2, Le.. if the conditions for regenerating the NOx absorb- 
ent 9, as well as the conditions for regenerating the DPF 

25 7, are satisfied, the routine executes step 215 to calcu- 
late the additional fuel injection amount TAU22 based 
on the engine speed and the accelerator signal in the 
manner similar to that in step 207. However, in this 
case, the value of TAU22 is determined so that the air- 

30 fuel ratio of the exhaust gas becomes a predetermined 
rich value (for example, an air-fuel ratio of about 13). 
After calculating the required additional fuel injection 
amount TAU22, the actual value of the additional fuel 
injection amount TAU2 is set to TAU22 at step 217 and, 

35 thereby, the air-fuel ratio of the exhaust gas discharged 
from the cylinders becomes a predetermined rich value 
(about 13, in this embodiment). In this case, since the 
intake shutter valve 6 is closed, and since the amount of 
fuel supplied to the cylinders are largely increased, a 

40 rich air-fuel ratio exhaust gas having a higher tempera- 
ture than that in the normal regenerating operation of 
the DPF 7. and containing a relatively large amount of 
HC and CO flows into the DPF 7 and NOx absorbent 9. 
In this condition, since the amount of 0 2 contained in 

45 the exhaust gas is very small, the regeneration of the 
DPF 7 is temporarily interrupted. However, in this condi- 
tion, since the NOx absorbent 9 is regenerated by this 
rich air-fuel ratio exhaust gas having a high tempera- 
ture, sulfate as well as NOx in th© NO x absorbent 9 is 

so released from the absorbent. Thus, the NOx absorbent 
9 is completely regenerated, and the absorbing capabil- 
ity of the NOx absorbent 9 is completely resumed. 

If ADPF * 1 at step 201 in Fig. 2, i.e., if the condi- 
tions for conducting regenerating operation are not sat- 

55 isfied, the routine executes step 21 1 to open the intake 
shutter valve 6 and to deactivate the electric heater 5a. 
Then, at step 21 3, it is determined whether the value of 
ANOX is set to 1 . If ANOX = 1 at step 213. i.e., if the con- 
ditions for conducting the regenerating operation of the 
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NOv absorbent 9 are satisfied while the conditions for 
conducting the regenerating operation of the DPF 7 are 
not satisfied, the value TAU22 is calculated at step 215. 
and the actual value of the additional fuel injection 
amount TAU2 is set to the calculated value TAU22 at 
step 217. in this case, since the intake shutter valve 6is 
opened, and since the electric heater 5a is deactivated, 
a rich air-fuel ratio exhaust gas having a relatively low 
temperature flows into the DPF 7 and NOx absorbent 9. 
Therefore. DPF 7 is not regenerated. Further, the NOx 
absoibent 9 is partially regenerated, i.e.. sulfate in the 
NOv absorbent 9 is not released, although NOx 
absorbed in the NOx absoibent 9 is released and 
reduced. 

If ANOX * 1 at step 213 in Fig. 2. i.e.. if both the 
conditions for conducting the regenerating operations of 
DPF 7 and the NOx absorbent 9 are not satisfied, the 
actual value of the additional fuel injection amount TAU2 
is set to 0 at step 219. Therefore, in this case, only the 
normal fuel injection during the compression cycle .s 
conducted, and the air-fuel ratio of the exhaust gas 
becomes largely lean. 

As explained above, in this embodiment, the follow- 
ing three kinds of regenerating operations are con- 
ducted by the control circuit 20. Namely, when only the 
conditions for conducting the regenerating operation of 
the DPF 7 are satisfied, the temperature of the exhaust 
qas is raised by the intake shutter valve 6 and the elec- 
tric heater 5a. and the air-fuel ratio of the exhaust gas is 
decreased to a lean air-fuel ratio of about 20 by the 
additional fuel injection. Thus, only the DPF 7 is regen- 
erated, and NO generated from the DPF 7 and NO z 
passing through the DPF 7 are absorbed by the NOx 
absorbent 9 and removed from the exhaust gas. 

When both the conditions for conducting the regen- 
erating operations of the DPF 7 and NOx absorbent 9 
are satisfied, the temperature of the exhaust gas is fur- 
ther raised by the intake shutter valve 6 and by increas- 
ing the amount of the additional fuel injection, and the 
air-fuel ratio of the exhaust gas is further decreased 
(enriched) to a rich air-fuel ratio of about 13. Thus, the 
NOx absorbent 9 is regenerated completely by a nch 
and high temperature exhaust gas and. thereby, sulfate 
absorbed in the NO x absorbent 9 is released. 

On the other hand, when only the conditions for 
conducting the regenerating operation of the NOx 
absorbent 9 are satisfied, the air-fuel ratio of the 
exhaust gas is decreased to a rich air-fuel ratio of about 
13 by the additional fuel injection while keeping the 
intake shutter valve 6 open. Therefore, a relatively low 
temperature exhaust gas of a rich air-fuel ratio flows into 
the NOx absorbent 9, and NOx '«* * e absorbent is 
released and reduced. However, in this condition, sul- 
fate in the NOx absorbent 9 is not released from the 
absorbent 

Next determination of the conditions for conducting 
the regenerating operations of the DPF 7 and NOx 
absorbent 9 is explained. Fig. 3 is a flowchart illustrating 
a routine for determining the conditions for conducting 



the regenerating operations. This routine is processed 
bv the control circuit 20 at predetermined regular inter- 
vals. In this routine, the flags ADPF and ANOX are set 
to 1 when the respective conditions for conducting the 
5 regenerating operation are satisfied. 

In Fig. 3. steps 301 through 307 are steps for set- 
ting the value of ADPF. 

In this embodiment a cumulative value of ttie 
amount of fuel supplied to the engine 1 is calculated 
io and regenerating operations of the DPF 7 is conducted 
when the cumulative value reaches predetermined 
value. It is considered that the amount of the carbon 
particles discharged from the engine is approximately 
proportional to the amount of fuel burned in the engine. 
is Namely, the cumulative value of the fuel injection 
amount is considered to represents the amount of the 
carbon particles collected by the DPF 7. Therefore, in 
this embodiment, it is considered that the amount of car- 
bon particles collected by the DPF 7 reaches a iprede- 
20 termined value when the cumulated value of the fuel 
injection amount reaches a predetermined value. 
Namely, when the cumulative value of the fuel injection 
amount reaches a predetermined value, the flag ADPF 
is set to 1 in order to conduct the regenerating operation 
25 of the DPF 7. 

In Fig. 3. counters FD and FN are used as parame- 
ters which represent the cumulative value of the foe 
injection amount. The values of the counters FD and FN 
are set by the routine in Rg. 4. The routine in Fig. 4 is 
so processed by the control circuit 20 at a predetermined 
regular intervals, and increases the values of the 
counters FD and FN by the amount TAU (fuel injection 
amount in the normal operation of the engine) every 
time the routine is processed (steps 401 through 405 in 
35 Fig 4) Therefore, the values of the counters FD and FN 
correspond to the cumulative value of the fuel injection 
amc)unt_TAU ^ ^ 301 « te determined whether the 
value of a counter FD exceeds a predetermined value 
40 FDn If FD > FD 0 at step 301 , the value of the flagADPF 
is kept at 1 for a predetermined time. Namely, if FD > 
FDn at step 301 . the value of a counter TD is increased 
by 1 at step 307. and the value of the flag ADPF is kept 
at 1 until the value of the counter TD exceeds a prede- 
45 termined value TD 0 at steps 309 and 313. When the 
value of the counter TD becomes larger than Tp 0 . the 
value of the counter FD is cleared at step 31 1 . thereby, 
when the routine is next processed, steps 303 and 305 
are executed to clear the value of the counter TD and to 
so set the value of the flag ADPF to 0. Therefore, by exe- 
cuting steps 301 through 313. the regenerating opera- 
tion of Hie DPF 7 in which the intake shutter valve 6 is 
closed and the additional fuel injection is performed is 
conducted by the routine in Fig. 2 for a predetermined 
55 time (TDo) every time the cumulative value of the fuel 
injection amount reaches a predetermined value (FD„). 

The value FD 0 in step 301 is the amount of the car- 
bon particles accumulated in the DPF 7 at which the 
regenerating operation should be conducted, and the 
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value TD 0 is the time required for the regenerating oper- 
ation vary in accordance with type and size of DPF 7. It 
is preferable to determine the actual values of FD 0 and 
TD 0 by experiment using an actual DPF. In this embod- 
iment for example, FD 0 is set to a value corresponding 5 
to six liters of fuel, and TD 0 is set to a value correspond- 
ing to 180 seconds of time. 

Steps 315 through 327 in Fig. 3 are steps for setting 
the value of the flag ANOX. In this embodiment, simi- 
larly to the flag ADPF, the flag ANOX is set to 1 when the 10 
cumulative value FN reaches a predetermined value 
FN 0 . and is kept at 1 for a predetermined time TN 0 
(steps 315 through 327). 

The amount of NOx generated by the engine 1 is 
considered proportional to the amount of fuel burned in 75 
the engine. Therefore, the amount of NOx absorbed in 
the NOx absorbent 9 is also considered proportional to 
the cumulative value of the fuel injection amount There- 
fore, in this embodiment, similarly to the regenerating 
operation of the DPF 7, the regenerating operation of 20 
the NOx absorbent 9 is conducted every time the cumu- 
lative value of the fuel injection amount reaches a pre- 
determined value. In steps 315 through 327, FN and TN 
are counters similar to the counters FD and TD, respec- 
tively, and FNq and TN 0 are predetermined threshold 25 
values similar to FD 0 and TD 0 , respectively. The actual 
values of FN and TN vary in accordance with type and 
size of NOx absorbent 9. and are preferably determined 
by experiments using an actual NOx absorbent. In this 
embodiment, for example, FN 0 is set to a value corre- 30 
sponding 0.2 liters of fuel, and TN 0 is set to a value cor- 
responding to 0.5 seconds of time. 

By executing steps 315 through 327, the regenerat- 
ing operation of the NOx absorbent 9 in which the 
amount of the fuel supplied to the engine is increased 35 
by the additional fuel injection is conducted by the rou- 
tine in Fig. 2 for a predetermined time every time the 
amount of NOx absorbed in the NOx absorbent 9 
reaches a predetermined value. Further, as explained in 
Fig. 2, the regenerating operation of the NOx absorbent 40 
9 is conducted when the flag ANOX is set to 1 even 
when the regenerating operation of the DPF 7 is being 
carried out Therefore, when the regenerating operation 
of the DPF 7 is being conducted, the NOx absorbent 9 
is regenerated by the exhaust gas of higher temperature 45 
than that in the normal regenerating operation and, 
thereby, the NOx absorbent 9 is regenerated com- 
pletely. 

Fig. 5 is a timing diagram of the regenerating oper- 
ation of DPF 7 and the regenerating operation of the so 
NOx absorbent 9. Fig. 5 shows a case in which a diesel 
engine having a displacement of 2400 cubic centimeter 
is operated at a speed 2000 RPM and an output torque 
80 newton-meter. In this case, assuming that FD 0 is six 
liters and that FNq is 0.2 liters, the regenerating opera- 55 
tion of the DPF 7 is repeated at intervals of about 60 
minutes, and the regenerating operation of the NOx 
absorbent 9 is repeated at intervals of about 2 minutes 
as shown in Fig. 5. 
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Further, if the periods of the regenerating opera- 
tions of the DPF 7 and NOx absorbent 9 (TD 0 and TN 0 ) 
are set to about 3 minutes and 0.5 seconds, respec- 
tively, the regenerating operation of the NOx absorbent 
9 is always conducted once or twice during the regener- 
ating operation of the DPF 7 as shown in Fig. 5. There- 
fore, by setting the timing of the regenerating operations 
of the DPF 7 and NOx absorbent 9. the NOx absorbent 
9 is regenerated periodically by the exhaust gas having 
a temperature higher than that of the normal regenerat- 
ing operation and. thereby. SO3 (sulfate) as well as NOx 
is released from the NOx absorbent 9 periodically. Thus, 
the absorbing capacity of NOx absorbent 9 can be 
maintained at a high level. 

Though the additional fuel injection during the 
exhaust cycle is conducted during the regenerating 
operations in the above embodiment the additional fuel 
may be supplied to the exhaust gas passage directly 
during the regenerating operations. In this case, an 
additional fuel injection valve is disposed in the exhaust 
gas passage upstream of the oxidizing catalyst 5, and 
the additional amount of fuel is injected into the exhaust 
gas passage upstream of the oxidizing catalyst 5. 

Further, though the timing of the regenerating oper- 
ations is determined by estimating the amount of the 
carbon particles accumulated in the DPF 7 and the 
amount of NOx absorbed in the NOx absorbent 9, the 
control of the regenerating operation can be simplified 
by conducting the regenerating operations at regular 
intervals regardless of the amount of carbon particles in 
the DPF 7 and the amount of NOx ' n to© NOx absorbent 
9. 

Next, another embodiment of the present invention 
is explained with reference to Fig. 6. Fig. 6 is a drawing 
similar to Fig. 1 which illustrates another example of a 
device for conducting the method in the present inven- 
tion. In Fig. 6, reference numerals same as those in Fig. 
1 also designate same elements as those in Fig. 1. The 
device in Fig. 6 is different from the device in Fig. 1 in 
that an NOx reducing catalyst 10 is disposed in the 
exhaust gas downstream of the DPF 7 instead of NOx 
absorbent 9 in Fig. 1 . The NOx reducing catalyst 1 0 is a 
catalyst which is capable of reducing NOx in to© 
exhaust gas selectively even if the air-fuel ratio of the 
exhaust gas is lean. Namely, though NO in the exhaust 
gas is removed by collecting it by the NOx absorbent 9 
in the previous embodiment. NO in the exhaust gas is 
directly reduced by the NQx reducing catalyst 10 in this 
embodiment 

The NOx reducing catalyst 10 in this embodiment 
has a substrate made of, for example, zeolite ZSM-5. 
and metals such as copper Cu and iron Fe are attached 
to the substrate by an ion exchange method. Alterna- 
tively, a substrate made of zeolite such as mordenite 
and precious metal such as platinum Pt attached ther- 
eon can also be used as the NOx reducing catalyst 10. 
The NOx reducing catalyst 10 selectively reduces NQx 
in the exhaust gas to N 2 when the air-fuel ratio of the 
exhaust gas is lean, by reacting HC and CO with NOx 
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selecbve^ Namely, the no* reducing catalyst 10 traps 
HC and CO in the exhaust gas in the pores of the 
porous zeolite, and selectively reduces the NO* in the 
exhaust gas using trapped HC and CO even if the air- 
fuel rafco of the exhaust gas flowing into the NCy reduc- 
ing catalyst 10 is lean. 

Therefore, in this embodiment. NOj in me exhaust 
gas generated by the oxidizing reducing catalyst 10 and 
NO generated at DPF 7 during the regenerating opera- 

10 deposed in the exhaust gas downstream of the DPF 

Iff^T*; !" 0rder to reduce "°* m *• *<haust gas 
effectively. ,t ,s required that a proper amount of HC and 
CO are irapped in the NOx reducing catalyst 10. The 
a.r-fuel ratio of the exhaust gas of a diesel engine is 
considerably lean in the normal operation, and only a 
very small amount of HC and CO are contained in the 
exhaust gas. Therefore, when the normal lean air-fuel 
ratio operation of the diesel engine continues for a cer- 
tain per,od. HC and CO trapped in the NOx reducing 
catalyst 10 are used up in reducing NOx in me exhaust 

P 3 f 1 " d J hereb y- me abi% of the NOx reducing cata- 
lyst for reducing NOx becomes low. 

In order to prevent this problem, the air-fuel ratio of 

^fli 35 fe a,S0 ,owered (enriched) periodically 
<n this embodiment. Namely, the control circuit 20 per- 
forms routines similar to those in Figs. 2 through 4 also 
m this embodiment, and controls the air-fuel ratio of the 

ZhT* ?f , t0 3 riCh air " tuel raBo *>y «"iA«*ng the 
additional fuel injection during the exhaust cycle of each 

' y to the previous embodiment, fuel 
injected during the exhaust cycle is oxidized by the oxi- 
dizing catalyst 5 and generates a relatively large 
amount of HC and CO in the exhaust gas. Therefore a 
n^ e L am °u m °* and CO are accumulated 
(tapped) m the NOx reducing catalyst 10. and NOv in 
the exhaust gas is reduced by these HC and CO com- 
ponents when the normal operation of the engine is 
2nT,K" The J^ UtineS PrOCeSsed bv tha control circuit 
on Jl T^T* ,0r conductin 9 the regenerating 
operation of the DPF 7 and for accumulating HC and 
CO are substantially the same as the routines in Figs. 2 
through 4 Therefore, a detailed explanation thereof are 
not repeated here. 

As explained above, in the present invention, the • 
diesel particulates from the diesel engine are collected 
by for example, a DPF. and burned by NO, in the 
IT^LT ^ N ° 9e " erated «" ^ roaction 
tht nip 7 P*™** and NO * P 385 ^ trough 

the DPF 7 are removed from the exhaust gas by for 5 
example, an NOx absorbent or an NOx reducing ck£- 
lyst. Therefore, according to the present invention, the 
accumulated carbon particles can be easily removed 
IT ^ PF u witho "t increasing the amount of NO x 
released to the atmosphere x gl 

Claims 

1 • A method for purifying the exhaust gas of a diesel 



engine comprising: 
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a step for oxidizing nitrogen monoxide in the 
exhaust gas of a diesel engine into nitrogen 
dioxide, thereby forming nitrogen dioxide in the 
exhaust gas; 

a step for collecting carbon particles contained 
in the exhaust gas; 

a step for reacting nitrogen dioxide in the 
exhaust gas formed by oxidation of nitrogen 
monoxide with the collected carbon particles 
thereby oxidizing the collected carbon particles 
by nitrogen dioxide in the exhaust gas and, at 
the same time, reducing nitrogen dioxide in 
exhaust gas to nitrogen monoxide; and 
a step for removing nitrogen monoxide formed 
by the reaction between nitrogen dioxide and 
the collected carbon particles from the exhaust 
gas. 

A method according to claim 1. wherein said step 
for removing nitrogen monoxide from the exhaust 
gas comprises a step tor collecting nitrogen monox- 
ide in the exhaust gas by contacting the exhaust 
gas with an absorbent capable of absorbing nitro- 
gen monoxide in the exhaust gas. 

A method according to daim 1. wherein said step 
for removing nitrogen monoxide from the exhaust 
gas comprises a step for reducing nitrogen monox- 
ide, in the exhaust gas. to nitrogen. 
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